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Abstract— Soil contamination by heavy metals is a 
worldwide environmental problem. Hence determining 
the chemical forms of a metal in soils is important to 
evaluate its mobility and bioavailability. This study 
determined the distribution and speciation of some heavy 
metals (Fe, Cu, Zn, Pb and Cd) in soils around some 
selected auto repair workshops in Oghara, Delta State, 
Nigeria. Soil samples were collected with the aid of soil 
Augar within a depth of 0 – 15 cm from the vicinity of the 
four selected auto repair workshops in Oghara, Delta 
State, Nigeria. The control samples were taken from a site 
free from auto repair and commercial activities. The soil 
samples were assessed for some physico-chemical 
properties, total heavy metal concentration, chemical 
speciation, mobility and some metal assessment indices of 
the heavy metals as a function of soil properties. The 
mean concentration of Fe, Cu, Zn, Pb and Cd in all the 
sites analyzed were 550.54, 31.08, 36.15, 4.21 and 1.11 
mg/kg respectively. Site B and the control had the highest 
and lowest total concentration of the five metals analyzed 
respectively. The levels of Cu were above the DPR target 
value in sites A and B, while the levels of Cd were above 
the target value in all the sites except in the control site. 
All the metals were found to be mostly concentrated in the 
residual fraction except Zn which was found mostly in the 
carbonate fraction. The mobility factors revealed that Zn 
is the most mobile element with an average mobility 
factor of 41.54% while Cd is the least mobile element 
with an average mobility factor of 16.51%. 
Contamination factors, index of geoaccumulation and 
pollution load index were also calculated. This study 
showed that mechanic workshop is one of the major 
sources of anthropogenic heavy metals concentration in 
the environment. 
Keywords— Soil, Heavy Metals, Speciation, 
Bioavailability, Mobility. 
 
I. INTRODUCTION 
It has been widely accepted that soil plays a key role in 
sustaining life in earth’s ecosystems (Young and 
Crawford, 2004). The very survival of mankind is tied on 
its productivity as a medium for plants to grow (Kabata-
Pendias and Mukherjee, 2007). Heavy metals emanating 
from anthropogenic Automobiles introduce a number of 
toxic metals into the environment. Also the wear of auto 
tires, degradation of parts, grease, peeling paint and metal 
in auto-catalysts are sources of heavy metal pollution 
(Pecheyran et al., 2000). This has led to elevated levels of 
heavy metals in automobile mechanic workshop soils 
(Ipeaiyeda and Dawodu, 2008; Iwegbue, 2007). This 
implies that water bodies (surface and ground water) 
within and away from the automobile mechanic 
workshops may equally be polluted with these metals due 
to continuous interactions between soil and water and the 
high dispersion rate (Nwachukwu et al., 2010). The fate 
of the various heavy metals and metalloids in the 
automobile mechanic workshops is of great concern 
because soil, water and dust in these areas may contain 
higher than average abundance of these elements, which 
may cause the formation of the more available forms of 
these elements (Adriano, 1992). In recent years there has 
been increased interest in the studies on speciation or 
chemical forms of heavy metals in polluted soils and 
sediments using sequential extraction techniques because 
these provide knowledge on metal affinity to soil 
components and the strength with which they are bound 
to matrix (Norvell, 1984). The use of sequential 
extractions, although time consuming, furnishes detailed 
information about the origin, mode of occurrence, 
biological and physicochemical availability, mobilization 
and transport of trace metals (Ure and Davidson, 2002). 
Sequential extraction procedures selectively extract 
metals bound by specific soil fractions with minimal 
effects on the soil components. In practice, sequential 
fractionation schemes have been suggested to identify 
element distribution with operationally defined soil pools 
(Amanda and Weindorf, 2010). As a result of ineffective 
law enforcement agencies to enforce existing 
environmental laws coupled with lack of stringency even 
when attempts are made to enforce, Nigerian citizens and 
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indeed residents of Oghara and environs in Delta State 
continue to dump refuse and litter the environment 
indiscriminately with such toxic substances as condemned 
engine oil, car batteries from mechanic workshop and 
solid waste even on the streets. These heavy metals can 
become a threat to vegetation and animals and ultimately 
affects the quality of human life, Thus, it becomes 
imperative to assess the levels of physico-chemical 
properties, spatial distribution and chemical speciation of 
heavy metals in soil from auto-repair workshops in 
Oghara and its environs in Delta State, Nigeria in order to 
determine their potential hazards to humans. 
 
II. MATERIALS AND METHODS 
Study Area 
Oghara is a town in Ethiope West Local Government 
Area of Delta State, Nigeria and is located between 
latitude 5035′1’’N and longitude 5051’16’’E. the city has 
road intersections connecting Sapele to Warri and Benin. 
This study was conducted in four popular automobile 
workshops in within the town Oghara, site selection was 
based on the distance from one another, and all samples 
were collected within the range of latitude 5055l54N to 
5057l11N and longitude 5038l40E to 5041l19E. Global 
positioning system (GPS) and ground reconnaissance 
were used for identification of sites and geo-referencing. 
 
Table.1: Showing Site Code, Coordinates and Site Description 
Site Code          Coordinates     Site Description 
Site 1 Lat- 5.95353, Long- 5.63913 This site is located along community road Ogareki-oghara 
Site 2 Lat- 5.93487, Long- 5.67913 This site is located beside Ibori round about, Oghara. 
Site 3 Lat- 5.94260, Long-5.68670 This site is located at the express. 
Site 4 Lat -5.93819, Long- 5.65704 This site is located at Volts electrical company. 
 
 
Fig.1: Map of Oghara Showing the Sampled Sites 
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Collection of Soil Samples 
Topsoil (0 – 15cm) samples were collected from five (5) 
different mechanic workshops in Oghara. At each site, 
three different points were chosen using cluster random 
sampling technique to collect the sample with the aid of 
soil auger, and then blended (mixed) to obtain a 
representative sample. Control sample was also collected 
from a site where there are neither car repairs nor 
commercial activities carried out. The collected samples 
were transferred into a black polythene bag, properly 
labelled and transported to laboratory (Tripathi and Misra, 
2012). All samples were air dried and ground to pass 
through a 2mm sieve and used for both physico-chemical 
analysis and fractionation experiment (Anegbe and Okuo, 
2013). 
Physico-chemical Analysis of the Soil Samples 
The pH and the CEC were determined as described by 
Anegbe and Okuo (2013). The hydrometer method 
described by Asagba et al. (2007) was used in evaluating 
the particle size. The concentration of phosphorus was 
obtained by the Oviasogie et al. (2006) method. The 
nitrogen content was determined by colorimetric method 
(Vogel, 2008). The method described by Anegbe et al. 
(2017) was used to determine the organic carbon content, 
while the total heavy metals determination was carried 
out according to Okuo et al. (2016). The chemical 
fractionation was carried out as described by Anegbe et 
al., (2014). All glasswares used were soaked and washed 
with chromic acid and rinsed with distilled water. Bulk 
scientific standard solution was used to calibrate the 
Atomic Absorption Spectrometer (Pg A500 model). 
Procedural blank samples were subjected to similar 
extraction method using the same amount of reagents.
   
 
III. RESULTS AND DISCUSSION 
The physico-chemical properties of the soil samples at 
various sites are shown in Table 2. 
Soil pH is the most widely accepted parameter which 
exerts a controlling influence on the availability of micro-
nutrients and heavy metals in the soil to plants (Igwe et 
al., 2005). The pH values of the soil samples from the 
automobile workshops were found to be in the acidic 
region (5.10 - 5.40) and lower than that of the control 
(6.40). Acidity controls availability, mobility and toxicity 
of heavy metal ions in the soils. Most metals tend to be 
less mobile in soil with high pH as they tend to form 
insoluble complexes (Anegbe et al., 2014). Electrical 
conductivity measures soil salinity. The electrical 
conductivities of the soil samples from the automobile 
workshops were all higher than that of the control. This 
indicates that movement of charge particles would be 
more at the workshops than that of the control because 
there are more soluble salts in the soil samples from the 
automobile workshops than the control (Karaca, 2004; 
Arias et al., 2005). 
 
Table.2: Physico-chemical Properties of the Soil Samples from the Sites 
Site Ph EC 
(µs/c
m) 
N 
(mg/k
g) 
P 
(mg/k
g) 
Ca 
(Cmol
/kg) 
Mg 
(Cmol/
kg) 
Na 
(Cmol/
kg) 
K 
(Cm
ol/kg
) 
CEC 
(Cmol
/kg) 
O.C 
(%) 
O.
M 
(%
) 
SA
ND 
(%) 
SILT 
(%) 
CL
AY 
(%) 
   A 5.40 428.
5 
4.50 23.64 3.01 0.75 1.25 1.09 6.10 0.77 1.3
3 
74.2
1 
23.40 2.39 
    B 
 
5.10 356.
0 
5.50 32.60 1.09 0.98 1.08 0.98 4.13 0.99 1.7
1 
72.6
2 
24.40 2.98 
    C 
 
5.10 477.
5 
5.20 30.90 1.03 0.72 1.02 0.94 3.71 0.95 1.6
4 
73.9
1 
23.90 2.19 
    D 
 
5.20 426.
5 
3.20 21.00 1.51 0.67 0.91 0.87 3.96 0.76 1.3
1 
75.4
0 
22.40 2.20 
Contr
ol 
 
6.40 124.
0 
0.26 18.09 3.20 2.50 1.42 1.12 8.33 0.38 0.6
6 
78.6
0 
18.20 3.20 
p-
value 
0.00
0 
0.00
4 
0.017 0.001 0.014 0.032 0.000 0.000 0.004 0.00
2 
0.0
02 
0.00
0 
0.000 0.00
0 
 
Organic matter acts as a major adsorbent for metals 
through the formation of chelates and renders them 
immobile (Lawan et al., 2012). The organic matter (OM) 
contents at the automobile workshops (1.31-1.71 %) were 
higher than the control (0.66 %). This might be due to the 
presence of many organic matter waste residues from 
effluent oil and oil spills at the automobile workshops 
which adds more organic matter and carbon, also leading 
to a higher organic carbon values of the sites. The Ca2+, 
Mg2+, Na+ and K+ of the soil samples from the automobile 
workshops were all lower than that of the control. the 
cation exchange capacity (CEC) values at the automobile 
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workshops were quite low compared to the control (8.33 
Cmol/kg). It was observed that at the automobile 
workshops, site C (3.71 Cmol/kg) and site A (6.10 
Cmol/kg) had the lowest and highest CEC respectively. 
Soils with low CEC are more likely to develop 
deficiencies in potassium (K+), magnesium (Mg2+) and 
other cations, while high CEC soils are less susceptible to 
leaching of these cations (CUCE, 2007; Okiemen et al., 
2012). The low values of the CEC were attributed to high 
sandy nature of the soil samples (Ugbune and Okuo, 
2011). The CEC, Ca2+, Mg2+, Na+ and K+ values reported 
in this research were all greater than those reported by 
Anegbe et al. (2014) in a similar research carried out in 
Benin City. As the texture of the soil plays a very 
important role in the plant species establishment and 
development and also influences physical parameters of 
the soil. The soil texture class of all the soil samples 
(automobile workshops and control) as represented in 
table 2 showed that they were all sandy soils with very 
high percentage of sand and had very low clay contents 
ranging from 2.19 - 3.20 %. Similar result was obtained 
by (Anegbe and Okuo, 2013). Soils with high sand 
content exceeding 70% will have weak surface 
aggregation and such soils will be porous and have high 
rate of water infiltration and air circulation (Gbadegesin 
and Abua, 2011). The nitrogen and phosphorus contents 
of the soil samples were both higher at the automobile 
workshop sites compared to the control. T-test was used 
to indicate significant difference between variables. P-
values less than 0.05 were considered statistically 
significant. 
 
Table.3: Total Metal Concentrations (in mg/kg) of the Heavy Metals in the Sites 
Sites  Fe Cu Zn Pb Cd Total 
   A 530.80 37.44 35.81 3.67 0.87 608.59 
   B 714.20 44.35 39.35 6.17 1.05 805.12 
   C 683.90 30.55 41.38 5.28 0.99 762.1 
   D 560.80 28.26 48.42 3.96 2.55 643.99 
Control 263.00 14.80 15.79 1.98 0.08 295.65 
Average 550.54 31.08 36.15 4.21 1.11  
P-value 0.002 0.003 0.003 0.004 0.051  
 
Table 3 shows the heavy metal concentration and its 
distribution in all the sites.  The soil sample showed Fe, 
Cu, Zn, Pb and Cd levels ranging from 263.00-714.20, 
14.80-44.35, 15.79-48.42, 1.98-6.17 and 0.08-2.55 mg/kg 
respectively. The values of each metal at each sites are 
relatively higher than that of the control, the high 
concentration of these metals at these sites could be due 
to air borne sources from car exhaust fumes depositing 
lead and other contaminants to the environment, 
automobile vehicle repair process like filing and soldering 
of iron rods along with other metals bending processes in 
the workshop and industrial activities occurring close to 
the automobile workshops. According to the table, Fe had 
the highest average concentration, highest concentration 
of Fe compare to other metals in Nigeria soil have been 
reported by other researchers (Adefemi et al., 2007; 
Emmanuel and Edward, 2010). Cd had the lowest average 
concentration. The total concentration of all the metals 
analyzed in each site varied as follows B > C > D > A > 
control. The highest concentration of all the metals in site 
B may be attributed to the large size, old age, its location 
within Oghara metropolis and high volume of wastes at 
the workshop. T-test was used to indicate significant 
difference between variables. P-values less than 0.05 were 
considered statistically significant. 
 
Table.4: Department of Petroleum Resources (DPR, 2002) for Target and Intervention Values for Metals in Soils. 
 
 
Comp
aring 
the 
conce
ntrati
on of each metal in each site with DPR (2002) target and 
intervention values, the levels of Zn and Pb found in all 
the sites were below the DPR target values. The levels of 
Cu were above the DPR target value in sites A and B, but 
were 
below 
the 
target 
value 
in sites C, D and control. The levels of Cd were above the 
target value in all the sites except in the control site. From 
table 4, it was also observed that all the individual metal 
analyzed in all the sites showed concentration that were 
Heavy   Metals Target values (mg/kg) Intervention values ( mg/kg) 
Zn 140 720 
Cu 36 190 
Cd 0.8 12 
Pb 85 530 
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below their DPR intervention values (DPR, 2002). There 
was no DPR target and intervention values for iron 
perhaps because of its high concentration and distribution 
in natural or unpolluted soils (Anietie and Labunmi, 
2015). 
 
Fractionation and Distribution of the Heavy Metals in 
the Soil Samples 
Soil samples was fractionated for Fe, Cu, Zn, Pb and Cd 
using the popular Tessier et al. (1979) method. The 
amount of metal present in an extraction fraction is 
expressed as a percentage of the total mass of that metal 
in the entire extraction fraction from a given metal.  
Iron: The largest portion of iron was concentrated in the 
residual fraction (F5) with an average percentage of 22.94 
% in all the sites, similar association of iron to residual 
fraction was reported by Obasi et al. (2013) and Godwin 
et al. (2014). This was closely followed by the organic 
fraction (F4), Fe-Mn oxide fraction (F3) and carbonate 
fraction (F2) with average percentages of 21.61 %, 
20.68% and 20.61% respectively. The exchangeable 
fraction (F1) had the lowest portion with an average 
percentage of 14.16 %. 
Copper: Copper was found mostly in the residual 
fraction (F5) with a range of 28.18-42.46%, similar 
association of copper to residual fraction was reported by 
Godwin et al. (2014).   The organic fraction (F4) is next 
with a range of 10.15-33.62 %, This high concentration of 
copper in the oxidizable fraction (F4) was due to the 
stability of copper organic complexes which might be 
attributed to the high formation constants of organic 
copper complexes (Obasi et al., 2013). The carbonate 
fraction (F2), the exchangeable fraction (F1) and the Fe-
Mn oxide fraction (F3) has 0.71-28.18%, 9.19-18.24% 
and 5.41-23.90% respectively (Figure 3). 
 
 
Fig.2: Percentage Concentration of Fe as a Function of Fe Content in the Soil 
 
 
Fig.3: Percentage Concentration of Cu as a Function of Cu Content in the Soil 
 
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
   A    B    C    D Control
Fe
F5
F4
F3
F2
F1
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
    A     B     C     D Control
Cu
F5
F4
F3
F2
F1
 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                             Vol-3, Issue-2, Mar-Apr- 2018 
http://dx.doi.org/10.22161/ijeab/3.2.35                                                                                                                      ISSN: 2456-1878 
www.ijeab.com                                                                                                                                                                             Page | 579 
Zinc: The largest portion of zinc was found in the 
carbonate fraction F2 with an average percentage of 
27.31%.  This was closely followed by the residual 
fraction F5 having an average of 26.82%. the remaining 
fractions followed the following order Fe-Mn oxide 
fraction > exchangeable fraction > organic fraction. 
Lead: Lead was mainly found in the residual fraction F5 
ranging from 27.25-95.74%, similar result was obtained 
by Anegbe and Okuo (2013). The metal may have co-
precipitated with various silicate species as a result of 
their adsorption into the mineral lattice because of the 
sandy nature of the soil (Manceau et al., 2006).  This was 
followed by the carbonate fraction (0.00-32.10%), organic 
fraction (1.60-21.25%) Fe-Mn oxide bound (2.66-
20.44%) and exchangeable fraction (0.00-16.85%). 
 
 
Fig.4: Percentage Concentration of Zn as a Function of Zn Content in the Soil 
 
 
Fig.5: Percentage Concentration of Pb as a Function of Pb Content in the Soil 
 
Cadmium: The greatest amount of cadmium was found 
in the residual fraction where the range is 35.27-94.24%, 
similar association of cadmium to residual fraction was 
reported by Anegbe et al. (2014) in a similar research 
carried out in Benin City. This was followed by the 
exchangeable fraction (F1) at a range of 0.00-54.86%. the 
organic fraction (F4), the carbonate fraction (F2) and the 
Fe-Mn oxide fraction (F3) were in the range of 1.59-
12.46%, 1.19-10.57% and 1.09-6.44% respectively 
(Figure 6). The minor role of the organic fraction in the 
speciation of Cd noted in this present study is consistent 
with the low adsorption constant of Cd to organic matter 
(Yusuf, 2007). 
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Fig.6: Percentage Concentration of Cd as a Function of Cd Content in the Soil 
 
Mobility Factor   
The operationally defined extraction sequence 
fractionates the heavy metals in the soil in the order of 
decreasing solubility. As a result, the exchangeable and 
carbonate (F1 + F2) fractions which are the early 
fractions, capture the most reactive and presumably the 
most mobile and bioavailable fractions (Salbu et al., 
1998). The relative index of metal mobility was 
calculated as a mobility factor (MF) on the basis of the 
following equation (Kabala and Singh, 2001).  
MF =
F1 + F2 
F1 + F2 + F3 + F4 + F5
  ----------------(1)  
Where; 
F1 = Exchangeable metal content fraction 
F2= Metal content bound to carbonate fractions 
F3= Metal content bound to Fe-Mn Oxide Fraction 
F4= Metal content bound to organic matter fraction 
F5= Residual metal content fraction. 
The results obtained from table 5 below showed high 
mobility factor of the heavy metals within an average 
range of 16.51% - 41.54% for all the sites, which 
indicates a high lability and biological availability of the 
metals (Kabala and Singh, 2001; Anegbe and Okuo 
2013). The 0.00% mobility of Pb observed in the control 
site indicate that the metal is not bio-available for plant 
uptake in that site. 
According to Wong et al. (2007), high mobility of metals 
in acidic sandy loam is due to low pH, low clay and low 
organic matter contents. This means that soil sample with 
low pH, low percentage of clay and low organic matter 
content retains fewer metals. Thus, more metals would be 
released into the soil solution.  
 
Table.5: Mobility Factors (%) of Fe, Zn, Cu, Pb and Cd in the Soil Samples 
Sites Fe Zn Cu Pb Cd 
A 37.11 42.47 30.02 31.06 2.85 
B 35.45 44.60 41.15 48.96 4.52 
C 24.43 38.62 26.35 21.97 10.57 
D 39.19 32.05 16.49 28.54 58.19 
Control 37.64 49.97 43.24 0.00 6.44 
Average 34.77 41.54 31.45 26.10 16.51 
 
Assessment of Metal Contamination 
Contamination Factor (CF)  
The level of contamination of soil by metal is expressed 
in terms of a contamination factor (CF) calculated as:  
CF= 
Cm Sample
Cm Background 
      -------------------(2) 
Cm Sample = metal concentration in Sample  
Cm Background = metal concentration in background or 
control Sample.  (Fonge et al., 2016) 
Where the contamination factor CF < 1 refers to low 
contamination; 1 ≤ CF < 3 means moderate 
contamination; 3 ≤ CF ≤ 6 indicates considerable 
contamination and CF > 6 indicates very high 
contamination.  
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Table.6: Contamination Factors of Fe, Zn, Cu, Pb and Cd in the Soil Samples 
 
From the results of the contamination factors shown 
above, the soil samples may be classified as moderately 
contaminated with respect to Fe, Cu, Zn, Pb, and very 
highly contaminated with respect to Cd in site A and site 
C. The soil samples may be classified as moderately 
contaminated with respect to Fe, Zn, considerably 
contaminated with respect to Cu and Pb, and very highly 
contaminated with respect to Cd in site B. While in site 
D, the soil samples may be classified as moderately 
contaminated with respect to Fe, Cu and Pb, considerably 
contaminated with respect to Zn, and very highly 
contaminated with respect to Cd.  
 
Index of geoaccumulation (Igeo) 
Index of geoaccumulation (Igeo) was used to evaluate the 
heavy metal pollution by comparing current 
concentrations with reference (control) values as reported 
by Bentum et al. (2011). 
Igeo  = Log2 
𝐶𝑛
1.5 𝐵𝑛
    ----------------------------------(3) 
 
Table.7: Geoaccumulation Index scale 
Igeo Value Igeo Class Designation of sediment quality 
  >5 6 Very highly polluted 
4-5 5 Highly polluted 
>3-4 4 Moderately to highly polluted 
2-3 3 Moderately polluted 
>1-2 2 Moderately to unpolluted 
0-1 1 Unpolluted 
0 < 0 Background concentration 
Source: Singh et al. (2003).  
Where Igeo is Index of geoaccumulation of the metal, Cn is the measured concentration of the element in the sample and Bn is 
the geochemical background value. As reported in table 7, this index consists of seven scales (0–6) ranging from background 
concentration to very highly polluted. The interpretation of the results was made based on the scale above in comparison with 
control sample. 
 
Table.8: Geoaccumulation Index of Fe, Zn, Cu, Pb and Cd in the Soil Samples. 
 
From the table above, Site A is unpolluted with Fe, Cu, 
Zn and Pb, and moderately polluted with Cd. Site B is 
unpolluted with Fe, Cu and Zn, moderately to unpolluted 
with Pb, and moderately to highly polluted with Cd. Site 
C is unpolluted with Fe, Cu, Zn and Pb, and moderately 
polluted with Cd.  Site D is unpolluted with Fe, Cu and 
Pb, moderately to unpolluted with Zn, and highly polluted 
with Cd.    
The Pollution Load Index (PLI)  
Generally, pollution load index (PLI) as reported by 
Harikumar et al. (2009), is as follows: 
PLI =  √𝐶𝑓1 𝑥 𝐶𝑓2 𝑥 𝐶𝑓3 𝑥 𝐶𝑓4 … … … … … … 𝐶𝑓𝑛
𝑛
   ----
------------------------------(4) 
Where, CF = contamination factor, n = number of metals 
 The PLI value of > 1 is polluted, whereas < 1 indicates 
no pollution (Harikumar et al.,2009). 
 
 
 
 
Sites Fe Cu Zn Pb Cd 
    A 2.02 2.53 2.27 1.85 10.52 
    B 2.72 3.00 2.49 3.12 12.72 
    C 2.60 2.06 2.62 2.67 12.02 
    D 2.13 1.91 3.07 2.00 30.86 
Sites Fe Cu Zn Pb Cd 
    A 0.43 0.75 0.60 0.30 2.81 
    B 0.86 1.00 0.73 1.06 3.08 
    C 0.79 0.46 0.80 0.83 3.00 
    D 0.51 0.35 1.03 0.42 4.36 
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Table.9: Pollution Load Index (PLI) for the Soil Samples in the Workshop Sites 
A B C D 
2.96 3.81 3.39 3.78 
 
The pollution load index values as calculated for all the 
workshop sites were greater than 1 (table 9). This is an 
indication that all sites have metal concentrations which 
can cause pollution to the environment. The pollution 
load index value was highest in site B compare to other 
sites.  Hence, site B may cause more pollution to the 
environment than others. 
 
Correlation Analysis 
All data were analyzed using the SPSS statistical package 
21.0. Correlation is significant at the 0.05 level (2-tailed). 
Correlation is significant at the 0.01 level (2-tailed).  
A negative correlation exist between pH and EC (r=-
0.920), N (r=-0.923), OC (r=-0.956), OM (r=-0.955), and 
silt (r=-0.958) with a positive correlation on Mg 
(r=0.952), CEC (r=0.954) and sand (r=0.915) at 0.05 
level of significance. EC negatively correlates Mg (r=-
0.979) at 0.01 level of significance and clay (r=-0.885) at 
0.05 level of significance. N positively correlates P 
(r=0.880), OC (r=0.977), OM (r=0.977) and silt 
(r=0.991) with a negative correlation on sand at 0.05 and 
0.01 level of significance respectively. P positively 
correlates OC (r=0.902) and OM (r=0.903) at 0.05 level 
of significance. Ca positively correlates CEC (r=0.926) at 
0.05 level of significance. Mg negatively correlates silt 
(r=-0.908) at 0.05 level of significance. Na positively 
correlates K (r=0.978) and CEC (r=0.951) at 0.01 and 
0.05 level of significance respectively. K positively 
correlates CEC (r=0.888) at 0.05 level of significance. 
CEC negatively correlates OC (r=-0.901) and OM (r=-
0.899) at 0.01 level of significance. OC positively 
correlates OM (r=1.000) and silt (r=0.975) with a 
negative correlation on sand (r=-0.972) at 0.01 level of 
significance. OM negatively correlates sand (r=-0.972) 
with a positive correlation on silt (r=0.975) at 0.01 level 
of significance. Sand negatively correlates silt (r=-0.985) 
at 0.01 level of significance. 
 
Table.10: Correlation Coefficient between various Physico-chemical Properties 
  pH EC N P Ca Mg Na K CEC O.C O.M SAND SILT CLAY 
pH 1.000 
             EC  -0.920* 1.000 
            N  -0.923* 0.838 1.000 
           P  -0.738 0.548 0.880* 1.000 
          Ca  0.803 -0.602 -0.684 -0.765 1.000 
         Mg 0.952* -0.979** -0.854 -0.545 0.614 1.000 
        Na 0.861 -0.778 -0.611 -0.460 0.860 0.809 1.000 
       K 0.741 -0.647 -0.452 -0.358 0.852 0.671 0.978** 1.000 
      CEC 0.954* -0.843 -0.809 -0.705 0.926* 0.863 0.951* 0.888* 1.000 
     O.C -0.956* 0.825 0.977** 0.902* -0.822 -0.847 -0.731 -0.604 -0.901* 1.000 
    O.M -0.955* 0.823 0.977** 0.903* -0.821 -0.845 -0.728 -0.601 -0.899* 1.000** 1.000 
   SAND 0.915* -0.782 -0.988** -0.875 0.682 0.828 0.605 0.446 0.797 -0.972** -0.972** 1.000 
  SILT -0.958* 0.878 0.991** 0.824 -0.692 -0.908* -0.681 -0.524 -0.847 0.975** 0.975** -0.985** 1.000 
 CLAY 0.670 -0.885* -0.491 -0.151 0.381 0.821 0.700 0.626 0.649 -0.487 -0.485 0.402 -0.553 1.000 
 
Table.11: Correlation Coefficient between Heavy Metals 
 
Fe  Cu  Zn  Pb  Cd  
Fe  1.000 
    Cu  0.838 1.000 
   Zn  0.821 0.615 1.000 
  Pb  0.969** 0.830 0.690 1.000 
 Cd  0.453 0.264 0.862 0.316 1.000 
 
Fe positively correlates Pb (r=0.969) at 0.01 level of significance. 
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IV. CONCLUSION 
The presence of heavy metals in the environment 
represents one of the most important environmental 
hazards. The results show that the soils of the studied 
areas are contaminated with these metals, especially given 
the high total concentrations which are gradually being 
released into the bioavailable  forms and subsequently 
into solution which can lead to absorption into the plants 
system close to these workshops and cause 
biomagnification along the food chain.The levels of Cd 
and Pb obtained from this work were found to be less 
than the values reported by Imasuen and Omorogieva 
(2013) in a similar research in Benin City. The results of 
geoaccumulation index revealed that all the sites are 
polluted with respect to Cd.  By and large, mechanic 
workshop owners should be given stringent rules to 
operate with full compliance in order to minimize the 
level of heavy metals introduced to the environment. 
Furthermore, remediation of the sites should be put into 
consideration to reduce the amount of total metal 
concentration in the soil to prevent the absorption of these 
metals by ground water and other essential plants that are 
grown close to these sites. 
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